This protocol is a practical guide to the N-methyl-D-glucamine (NMDG) protective recovery method of brain slice preparation. Numerous recent studies have validated the utility of this method for enhancing neuronal preservation and overall brain slice viability. The implementation of this technique by early adopters has facilitated detailed investigations into brain function using diverse experimental applications and spanning a wide range of animal ages, brain regions, and cell types. Steps are outlined for carrying out the protective recovery brain slice technique using an optimized NMDG artificial cerebrospinal fluid (aCSF) media formulation and enhanced procedure to reliably obtain healthy brain slices for patch clamp electrophysiology. With this updated approach, a substantial improvement is observed in the speed and reliability of gigaohm seal formation during targeted patch clamp recording experiments while maintaining excellent neuronal preservation, thereby facilitating challenging experimental applications. Representative results are provided from multi-neuron patch clamp recording experiments to assay synaptic connectivity in neocortical brain slices prepared from young adult transgenic mice and mature adult human neurosurgical specimens. Furthermore, the optimized NMDG protective recovery method of brain slicing is compatible with both juvenile and adult animals, thus resolving a limitation of the original methodology. In summary, a single media formulation and brain slicing procedure can be implemented across various species and ages to achieve excellent viability and tissue preservation.
Introduction
The acute brain slice preparation is an essential experimental model system in neuroscience. For roughly half of a century, this platform has enabled dynamic functional studies of the living brain across a wide variety of anatomical brain regions and animal species. Whether the intended application is biochemistry, functional imaging, morphology, or electrophysiology, it is of the utmost importance to ensure optimal integrity and viability of the sliced tissue. It is for this reason that the highly resilient juvenile rodent brain slice preparation (i.e., younger than postnatal day 30 for mice) has been the most preferred to date. The difficulty in obtaining sufficiently healthy brain slices from mature adult and aging animals has proven to be a formidable challenge for most and has imposed severe limitations for studying the functional architecture of the mature brain. This is particularly true for patch clamp recording, a technique that requires excellent morphological and functional preservation and is indispensable for characterizing detailed intrinsic and synaptic properties of identified single neurons. For the past several decades, the vast majority of patch clamp electrophysiologists have relied on a 'protective cutting' method using sucrose-substituted low Na + aCSF 1 for preparing healthy brain slices from juvenile, and to a far lesser extent, young adult animals. This method is based on the premise that passive Na + influx and subsequent water entry and cell swelling during the slice cutting step is the predominant insult that leads to poor survival of neurons, particularly for those neurons located in the superficial layers that are most likely to sustain direct trauma from the blade movement. However, the protective cutting method still leaves much to be desired for brain slice preparation from mature adult animals regardless of the particular aCSF formulation implemented.
A simple but effective solution to this problem has been described 2, 3, 4, 5, 6 and termed the 'protective recovery' brain slice method. The original version of this method uses an NMDG-substituted aCSF, as NMDG was identified as the most versatile and effective among various other candidate sodium ion substitutes (including sucrose, glycerol, choline, and Tris). The media formulation was further enhanced by addition of HEPES to resist brain slice edema and provide stronger pH buffering 7 , as well as the addition of supplements to counteract the detrimental effects of oxidative stress ( Table 1) . It was empirically determined that an initial recovery incubation step in low Na + , low Ca 2+ , and high Mg 2+ NMDG aCSF immediately after adult brain tissue slicing was both necessary and sufficient for improved neuronal preservation over a wide range of brain regions, cell types, and animal ages , although the full potential for mature adult and aging animal brain slice and patch clamp recording was not recognized or demonstrated in these earlier works. In addition, nuanced procedural variations continue to emerge in support of specific experimental applications 4, 14, 15, 16 . The collective body of work of these numerous research groups imparts high confidence in the robustness of the protective recovery method for improved tissue preservation. The NMDG protective recovery method has now been widely adopted and implemented in numerous published research studies utilizing adult animal brain slice preparations. These acute slice studies span neocortical 3, 17, 18 , hippocampal 15, 19, 20, 21 , striatal 22, 23, 24 , midbrain 25, 26, 27, 28, 29 , and hindbrain 30, 31, 32, 33, 34 regions, and a variety of neurotransmitter and neuromodulator types including glutamatergic 4, 30 , GABAergic 18, 20, 31, 35, 36 , dopaminergic 24, 29, 37, 38 , cholinergic 14, 37, 38, 39 , noradrenergic 40 , and serotonergic 27, 28 neurotransmission.
The method is also well suited for optogenetic control of neuronal activity in slices derived from transgenic animals 3, 39 or following in vivo viral injections 17, 27, 28, 40, 41, 42, 43 , as well as functional Ca 2+ imaging of neuronal activity 2, 44, 45, 46 . Analyses of both short term plasticity 4, 47, 48 and diverse forms of long-term plasticity 16, 35, 48 have been reported. A recent study applied the NMDG protective recovery method to facilitate extensive and systematic probing of synaptic connectivity in the visual cortex in mature adult mouse brain slices using the octopatch recording configuration 49 -a powerful demonstration of the utility and robustness of this method. The protective recovery method has even been applied successfully in previously unforeseen experimental contexts, such as, improved preservation of vasculature and pericytes in adult cortical brain slices 50 , patch clamp recording from transplanted interneuron populations in 1-1.5 year old Alzheimer's Disease mouse models 20 , and an adult brain slice receptor trafficking assay 51 .
The following protocol describes step-by-step procedures for implementing an optimized NMDG protective recovery method of brain slice preparation to improve the viability of acute brain slices. The principles for improved neuronal preservation are discussed, as well as demonstration of the clear benefits of this methodology for complex multi-neuron patch clamp recording experiments in both young adult transgenic mouse brain slices and mature adult human neurosurgical brain slices. The following protocol has been validated for mice from 21 days old to more than one years old, as well as for human neurosurgical specimens derived from adult patients.
Protocol
Procedures involving transgenic mice have been approved by the Institutional Animal Care and Use Committee (IACUC) at the Allen Institute for Brain Science. Both male and female C57BL/6 mice (weight range 10-30 g) were used in these experiments. Some of the representative results describe data collected from living human brain slices. Neocortical tissue specimens were obtained during neurosurgeries for tumor removal. It was necessary to remove the overlying neocortical tissue to gain access to the diseased tissue. Informed patient consent was obtained in all cases for the use of neurosurgical tissue for research purposes under a protocol approved by the institutional review board of Swedish Medical Center. (Table 1) NOTE: Solutions should be made up in purified water that is free of trace metals and other impurities. It is recommended that solutions be made freshly on the day of the experiment, although unused solutions may be stored at 4 °C for up to 1 week, if desired. 1 L of each formulation above is sufficient for 1-2 slicing procedures. All aCSF solutions must be saturated with carbogen (95% O 2 /5% CO 2 ) prior to use to ensure stable pH buffering and adequate oxygenation. The pH of all solutions should be adjusted to 7.3-7.4 and osmolality measured and adjusted to 300-310 mOsmol/kg. 
Preparation of Media and Reagents

Setup of the Slicing Station
1. Set up the slicing station with the tissue slicer machine and surgical instruments (see Table of Materials). To calibrate the slicer machine, attach a zirconium ceramic injector blade to the blade arm using fast-adhesive glue, then insert the specimen holder and align the leading edge of the blade to the specimen holder rim leaving a tiny gap to ensure the blade does not scrape the metal. NOTE: If the blade edge is not physically damaged it can be reused for many weeks or even months without replacement.Various tissue slicer models are commercially available, many of which can provide excellent performance when optimally calibrated. The ideal instrument should have minimal z-axis deflection, either directly measured and tuned or empirically observed. 2. Set up a 250 mL beaker filled with 200 mL of NMDG-HEPES aCSF and pre-chill on ice with constant carbogenation (applied via a gas diffuser stone immersed in the media) for >10 min. NOTE: This solution will be used for transcardial perfusion and for filling the slicing machine reservoir during sectioning.
Transcardial Perfusion
NOTE: The transcardial perfusion procedure is an important step when working with adult animals and is important to achieve rapid cooling of the brain and slowed metabolism via brain infusion of low Na on either side taking care to avoid clipping the heart and lungs. 5. Pin back the center portion of the rib cage to expose the heart. Insert the needle of the 30 mL syringe into the left ventricle and cut the right atrium with fine scissors to allow blood to exit the heart. 6. Depress the syringe plunger using manual constant pressure and perfuse the animal with the chilled NMDG-HEPES aCSF at a rate of ~10 mL/min. NOTE: If the perfusion is successful the liver will change in color from deep red to pale yellow, and in some cases clear fluids can be observed exiting the nostrils towards the end of the procedure.
Brain Dissection and Slicing
1. Decapitate the animal. Use a scalpel to open the skin on the head and expose the skull cap. 2. Use fine super-cut scissors to cut away the skin over the skull cap and make small incisions laterally on either side at the caudal/ventral base of the skull. Make additional shallow cuts starting at the caudal/dorsal aspect of the skull moving in the rostral direction up the dorsal midline taking care not to damage the underlying brain. Make a final 'T' cut perpendicular to the midline at the level of the olfactory bulbs. NOTE: Care must be taken to ensure no damage is done to the brain region(s) of interest. In particular, at no time should there be any compressive force applied to the brain itself. 3. Use the round-tip forceps to grasp the skull starting at the rostral-medial aspect and peel back towards the caudal-lateral direction. Repeat for both sides to crack open and remove the dorsal halves of the skull cap to expose the brain. Gently scoop out the intact brain into the beaker of pre-chilled NMDG-HEPES aCSF. Allow the brain to uniformly cool for ~1 min. 4. Use the large spatula to lift the brain out of the beaker and onto the Petri dish covered with filter paper. Trim and block the brain according to the preferred angle of slicing and desired brain region of interest. Work quickly to avoid prolonged oxygen deprivation during handling. NOTE: Many slicing angles are possible. The exact blocking method and slicing angle will depend on the exact brain region, cell type, and circuit to be studied. 5. Affix the brain block to the specimen holder using adhesive glue. Retract the inner piece of the specimen holder enough to withdraw the brain block fully inside. Pour the molten agarose directly into the holder until the brain block is fully covered in agarose. Clamp the pre-cooled accessory chilling block around the specimen holder for ~10 s until the agarose has solidified. 6. Insert the specimen holder into the receptacle on the slicer machine and verify proper alignment. Fill the reservoir with remaining pre-chilled, oxygenated NMDG-HEPES aCSF from the 250 mL beaker and move a bubble stone into the reservoir for the duration of slicing to ensure adequate oxygenation. 7. Adjust the micrometer to begin advancing the agarose-embedded brain specimen. Start the slicer and empirically adjust the advance speed and oscillation frequency to the desired level. NOTE: Both settings should be in the low range. For best results, a single pass of the blade arm should take approximately 20 s and the oscillation should produce a very smooth and gentle humming noise with no overt buzzing. 8. Continue advancing and slicing the tissue in 300 µm increments (or other preferred thickness) until the brain region of interest is fully sectioned; the total time for the slicing procedure should be less than 15 min.
Optimized NMDG Protective Recovery Procedure
1. Initial NMDG recovery step (critical step): Upon completion of the sectioning procedure, collect up all of the slices using a cut-off plastic Pasteur pipe t and transfer them into a pre-warmed (34 °C) initial recovery chamber filled with 150 mL of NMDG-HEPES aCSF. Transfer all slices in short succession and start a timer as soon as all slices are moved into the recovery chamber. 2. Consult Table 2 to determine the optimal Na + spike-in schedule according to mouse age.
NOTE: This procedure is a practical method to achieve a controlled rate of reintroduction of Na + into the brain slice chamber and is optimized for a specific brain slice chamber geometry and reservoir volume and type (see Table of Materials). 3. Carry out the stepwise Na + spike-in procedure by adding the indicated volumes of Na + spike-in solution at the indicated times. Add the Na + spike-in solution directly into the bubbler chimney of the initial recovery chamber to facilitate rapid mixing. 4. Transfer all slices to the HEPES aCSF long-term holding chamber maintained at room temperature. Allow slices to recover for an additional 1 h in the HEPES holding chamber prior to initiating patch clamp recording experiments.
Patch Clamp Recording
NOTE: The following basic procedures merely provide some practical considerations and are not intended to represent detailed protocols for patch clamp recordings, as these can be found elsewhere 53, 54 . A patch clamp electrophysiology rig is required for this application. This will generally be composed of an upright microscope equipped with infrared differential interference contrast (IR-DIC) optics and a fluorescence illumination system, a patch clamp amplifier and data digitizer, motorized micromanipulator and microscope platform, vibration isolation table, Faraday cage, and solution heating and perfusion system. The sample chamber and platform should be designed for submerged slice recording. For multi-neuron patch clamp recordings, a rig equipped with multiple amplifiers, head stages, and high quality micromanipulators is required. In addition, for best results, a rig equipped with a 900 nm IR band pass filter and matching optical components is highly recommended to ensure adequate visualization of cells located >50 µm deep in the brain slices. Proper alignment for Kӧhler illumination is also important for clear visualization. Establish solution perfusion using a peristaltic pump set to 3-4 mL/min. Circulate carbogenated recording aCSF through the recording chamber taking care to match inflow and outflow to avoid overflow. 5. Transfer a single brain slice into the submersion recording chamber and secure in place using a U-shaped slice anchor with nylon cross strings. Identify the target brain region using a 4X air objective before switching to a higher power objective (e.g., high numerical aperture 40X or 60X water immersion objectives). 6. Visually identify a healthy target cell. The appearance of the neuronal membrane at the soma, as visualized by IR-DIC microscopy, is used to judge the suitability of a candidate cell for patch clamp recording. NOTE: Healthy neurons typically exhibit the following features: neither shrunken nor swollen somata, soft contrast of membrane edges, and smooth membrane appearance. In addition, the majority of healthy cells are located >30 µm deep in the slice, as superficial neurons are likely to be damaged with severed dendritic processes. Neurons that exhibit a crinkled appearance, clearly visible nuclei or 'fried egg' appearance, or very dark or high contrast membrane edges should be avoided. 7. Back-fill the patch pipette with ~5 µL of intracellular solution and load it onto the electrode holder. Move the pipette into the recording bath above the brain slice and apply light positive pressure to clear any obstructions in the tip. Zero the pipette offset and monitor the tip resistance using a membrane test function. 8. Move the pipette tip into contact with the target neuron's cell body; a small dimple should form on the membrane surface due to the light positive pressure. 9. As soon as a membrane dimple is observed, swiftly remove the positive pressure and apply gentle suction to facilitate seal formation. Once the pipette resistance increases to >100 MOhm, turn on a holding command to a level that matches the anticipated resting membrane potential for the targeted cell type (-70 mV is a good starting point). 10. Once the tip resistance reaches ≥1 gigaohm, attempt to break into the cell by rupturing the membrane underneath the patch pipette using brief bouts of sharp suction; the 'zap' feature may be utilized to facilitate break-in as needed. NOTE: A holding potential of -70 mV is suggested for voltage clamp experiments on cortical neurons. Healthy neurons will have a leak current no more negative than -100 pA for the duration of the experiment, but this is in part dependent on the cell type. A neuron would be excluded from analysis if the resting membrane potential was more depolarized than -50 mV, or if the access resistance changed by more than 20%. 11. Once a stable whole-cell patch clamp recording is obtained, target additional neurons for recording by repeating steps 6.6-6.10.
Take care to avoid mechanical disturbances that would result in losing the first recording. 1. Select additional neurons within 100 µm from the first neuron to ensure a reasonable probability of finding synaptically-coupled neurons. NOTE: It may be helpful in some cases to identify multiple candidate neurons up front and to pre-load and pre-position all pipettes nearby to the various targeted cells before establishing the first patch clamp recording.
Representative Results
This section provides representative results for routine brain slice preparation and patch clamp electrophysiology experiments using the optimized NMDG protective recovery method (i.e., NMDG protective recovery combined with gradual Na + spike-in procedure). First, morphological preservation of neurons was evaluated in various brain regions of brain slices prepared with or without implementing the optimized NMDG protective recovery method (Figure 1) . Three month old adult mice were selected for these experiments, and we used IR-DIC microscopy to determine neuron health based on the shape and overall appearance of the somata and proximal dendrites. Note the shriveled, pyknotic appearance of most neurons in the representative images of brain slices prepared without the protective recovery method (all images were obtained 1-2 h after slice preparation). These control slices were prepared using NMDG aCSF for transcardial perfusion and slicing steps but were initially recovered in high Na + -containing HEPES aCSF. In contrast, the representative images from the slices prepared using the optimized NMDG protective recovery method reveal neurons with improved morphologies (smoother, fuller, less crinkled appearance) that are suitable for patch clamp recording (Figure 1) . The improved neuronal preservation was observed across multiple brain regions including neocortical layers II/III and V, subiculum, and dorsal lateral geniculate nucleus (dLGN).
Next, the optimized NMDG protective recovery method was compared with the original NMDG protective recovery method (i.e., without the gradual Na + spike-in procedure). The average time for gigaohm seal formation in patch clamp recording attempts was dramatically and significantly reduced (9.9 s versus 33.3 s, **p <0.005, paired t-test) when the gradual Na + spike-in procedure was applied together with the NMDG protective recovery step (Figure 2) . The faster and more reliable membrane sealing times greatly improved the throughput of patch clamp recording in young adult brain slices. The optimal Na + spike-in schedule was further modified according to animal age ( Table 2 ) and was beneficial for all ages tested (3 weeks to 1 year old mice). The profile of gradual sodium ion concentration elevation throughout the course of the spike-in procedure is provided (Figure 3) to accompany the schedules shown in Table 2 .
As part of the Allen Institute Cell Types Program (http://celltypes.brain-map.org/) a large scale effort is underway to systematically characterize the intrinsic electrophysiological properties of individual neurons in young adult (postnatal day 40-80) mouse visual cortical brain slices derived from transgenic lines with cell type-specific fluorescent marker expression in genetically-defined neuronal populations (cortical layer and cell type specific Cre driver lines crossed to a Cre-dependent fluorescent reporter line 55 ). Figure 4 shows example traces of the firing patterns recorded from Parvalbumin (Pvalb)-expressing cortical fast-spiking (FS) interneurons (Pvalb-IRES-Cre/Ai14 mice) in response to a series of 1 s current injection steps that cover the dynamic range of neuron firing. The F-I curve for a dataset of 22 cortical FS interneurons is shown at right. Similar targeted patch clamp recording experiments were performed to characterize 23 Rorb-expressing excitatory neurons in layer IV from Rorb-IRESCre/Ai14 mice (Figure 4) . Diverse healthy neuron types including FS interneurons and pyramidal neurons across cortical regions and layers can routinely and reliably be targeted for patch clamp recording for at least 6-8 h after slice preparation using this optimized protocol.
In addition to measuring intrinsic neuronal properties, synaptic connectivity was probed between multiple simultaneously recorded neurons of defined types in visual cortical microcircuits. The multi-neuron patch clamp recording technique is exceptionally demanding, as numerous healthy candidate neurons of defined types must be present within a relatively small field of the brain slice in order to ensure a reasonable chance of obtaining high quality simultaneous recordings and identifying bona fide synaptic connections. Figure 5 shows paired recording of two tdTomato + FS interneurons in the visual cortex of brain slices derived from young adult Pvalb-IRES-Cre/Ai14 mice. A strong unidirectional inhibitory synaptic connection was detected (recorded with high chloride internal pipette solution). Example recordings and protocols for measuring properties of short-term synaptic plasticity are presented. Bouts of high frequency train stimulation (10 pulses each at 10, 50, and 100 Hz) were followed by single recovery test pulses at various time intervals (1, 2, or 4 s) to measure the time course of recovery from synaptic depression.
Excellent success has also been obtained for human neocortical neurons in mature adult ex vivo brain slices. Neurosurgical specimens are obtained from patients undergoing scheduled surgeries for tumor removal at local hospitals. The procedures for human neurosurgical tissue collection and brain slice preparation differ from the mouse brain slice procedures in a few practical ways. In brief, the resected neocortical tissue (distal to the site of pathology) is collected from the operating room and immersed into ice-cold oxygenated NMDG-HEPES aCSF and transported with continuous chilling and oxygenation from the operating room to the laboratory within 30 min or less. The brain slices are prepared using the NMDG protective recovery procedure and allowed to recover for an extended time of approximately 3 h before initiating patch clamp recordings. Figure 6 shows a successful paired recording experiment and a successful quadruple patch clamp recording experiment from human ex vivo brain slices prepared in this manner from the frontal cortex region. The paired recording demonstrates unidirectional excitatory synaptic input from a cortical pyramidal neuron onto a cortical interneuron (recorded as excitatory postsynaptic currents). In the quad patch experiment two excitatory and two inhibitory neurons were recorded simultaneously, and three inhibitory synaptic connections were detected (recorded as inhibitory postsynaptic potentials) out of twelve total connections probed. Thus, this optimized brain slice methodology allows reliable experimental success in the most challenging of brain slice applications, including multi-neuron patch clamp experiments to study circuit connectivity in acutely resected mature adult human brain tissue. There are no significant differences in RMPs comparing brain slice preparation conditions for all three cell types (paired t-test). Please click here to view a larger version of this figure. The initial version of the NMDG protective recovery method was specifically designed for adult and aging animals 2, 5 . Some early adopters have also sought to apply this methodology to juvenile animal brain slicing (i.e., mice <30 days old). However, it has been noted that in contrast to the outstanding visually-confirmed neuronal preservation with the NMDG protective recovery method in this age range, gigaohm seal formation can frequently stall out, leading to failed patch clamp recording attempts. One hypothesis is that NMDG cations are more readily trapped in juvenile brain slices relative to adult brain slices and can impede seal formation; however, gigaohm seals can readily form while juvenile brain slices are fully submerged in NMDG aCSF (data not shown), thus indicating that NMDG aCSF per se is not impeding gigaohm seal formation.
NMDG-HEPES aCSF
The rapid transition from low-to-high Na + solution at the completion of the initial brain slice recovery step causes damage to neuronal membranes and perturbs the seal formation process. This is intuitive given that the transition from low-to-high Na + , cold-to-warm temperature, and dramatic elevation of the Ca 2+ to Mg 2+ ratio collectively lead to a massive resurgence of spontaneous synaptic activity. This inhibitory rebound phase in the brain slicing procedure is likely to mirror reperfusion injury following an ischemic insult. Thus, to further mitigate neuronal membrane damage in the initial recovery phase a gradual Na + spike-in procedure has been incorporated in which the elevation of Na + concentration in the NMDG protective recovery incubation chamber is slowly and reproducibly elevated with precise timing. As in the original protective recovery procedure, the temporal dissociation of Na + elevation from temperature and Ca
2+
/Mg 2+ ratio elevation is beneficial. But additionally, the Na + spike-in procedure leads to small incremental increases in extracellular Na + concentration over the early time points and large increases towards the late time points, thereby affording the brain tissue an opportunity to better accommodate to the rising Na + levels. This procedure is an alternative to gradual solution exchange controlled by a perfusion pump or gravity drip lines which lead to constant increases in Na + levels and require attention to both inflow and outflow to avoid overflow of the slice chamber. Notably, in this Na + spike-in procedure the osmolality of the solution in the slice chamber gradually rises over a period of several minutes before the slices are returned to normal osmolality solution, but this did not adversely affect the slice health or patch clamp recording success. A high osmolality cutting solution has previously been used for midbrain slice preparations in order to better preserve dopamine neurons for patch clamp recordings 57, 58 , thus demonstrating that this temporary hyperosmolality may be beneficial in some contexts.
By implementing an optimized procedure combining the NMDG protective recovery method and gradual Na + spike-in step the utility of this brain slice methodology has been extended to cover juvenile through mature adult animal ages. This updated protocol is now suitable for a wide range of animal ages using a single optimal NMDG aCSF formulation and procedure. If necessary, the Na + spike-in procedure can be applied with a progressively longer delay and/or slower time course to enhance the viability of brain slices from older animals, and we have provided a basic guide of recommended spike-in schedules according to animal age (see Table 2 ). While we have provided a basic framework suitable for a wide array of applications, additional advanced steps can be explored for further enhancing viability and longevity of brain slices from adult and aging animals. For example, glutathione restoration strategies are particularly effective in this respect and can be implemented as described elsewhere 2, 6 .
Improving Throughput for Challenging Experiments
The analysis of synaptic connectivity by patch clamp recording is a demanding application that requires excellent preservation of both neuronal structure and function in order to achieve a high reliability of success. As the number of neurons to be simultaneously recorded goes up linearly, the technical difficulty level goes up supra-linearly. There are numerous failure modes, and one of the most frequent causes of failures is the inability to form adequate gigaohm seals onto one or more of the targeted cells. This can dramatically slow progress, particularly when three or more neurons must be recorded simultaneously. Consistent with the finding of faster gigaohm seal formation time with the optimized NMDG protective recovery method, there was a marked improvement in the success rate and throughput of multi-neuron patch clamp recording experiments with both adult transgenic mouse brain slices and adult human neurosurgical brain slices. The improved efficiency is almost certainly attributable to both the more rapid and reliable gigaohm seal formation and the improved neuronal preservation of the slices with this protocol. Although this protocol focuses on the benefits explicitly for patch clamp recording applications, similar gains are anticipated for other challenging experimental applications where brain slice viability is paramount.
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